In an extremely deep K dark band (2.27{2.43 m) image of the southern edge-on spiral galaxy ESO 240-G11, we detect halo emission extending to between 10 h ?1 69 kpc and 15 h ?1 69 kpc away from the disk in vertical cuts near the nucleus. In vertical cuts taken well-away from the nucleus, no halo emission is detected. To our detection limit, these data are well modeled by a spherically symmetric component having an exponential radial surface brightness pro le plus a sech(z) disk. The exponential radial surface brightness pro le suggests an unusually faint and extended spiral bulge. A / r ?3:5 spheroid plus sech(z) disk is nearly as good a t. It is also possible to t these data with a / r ?2 component tracing the massive halo. However, this requires a larger error in setting the sky level than appears likely.
Introduction
For over 25 years, it has been known that massive and unseen halos of \dark matter" are needed to explain the high rotation speeds of stars and gas in the outer parts of spiral galaxies (see Salucci & Persic 1997 for a recent review). In these halos, the density diminishes less rapidly with radius than any directly observed component (e.g., disk, thick disk, bulge, or spheroid). Far from the nucleus, the massive halo dominates the mass. With implications for big bang nucleosynthesis and galaxy evolution, the composition and shape of these massive halos are some of the most pressing issues in contemporary astrophysics.
A number of authors have recently detected optical and near infrared halo emission in the edge-on spiral galaxy NGC 5907 (Sackett et al. 1994; Lequeux et al. 1996; James & Casali 1996; Rudy et al. 1997 ). Sackett et al. (1994) argued that the shallow fall-o in R intensity was consistent with the / r ?2 mass density pro le implied by the galaxy's at rotation curve. This raised the exciting possibility that perhaps they were seeing some of the dark matter itself, or as Sackett et al. (1994) concluded was more likely, a tracer.
If the luminous material observed in NGC 5907 were intrinsic to the massive halo, one would expect to see similar structure in other undisturbed spirals. To comparable near infrared imaging depths, the edge-on Sc type spiral ESO 240-G11 shows no halo structure that cannot reasonably be modeled using components having faster mass density fall-o than / r ?2 . This suggests that although the halo emission seen in NGC 5907 may trace the massive halo, it is not necessarily intrinsic to the massive halo. The halo luminosity pro le may vary from galaxy to galaxy in ways that are not predictable from the optical{near infrared morphology or rotation curve.
The observations were made using a 60 cm infrared telescope at the South Pole. Because of the South Pole's extremely dark and quiet infrared skies, the K dark (2.27{2.43 m) data permit surface photometry to a limiting surface brightness of 25 mag arcsec ?2 (equivalent to R 27 mag arcsec ?2 for an old disk stellar population). Although K dark light is detectable 15h ?1 69 kpc away from the disk, the halo radial surface brightness pro le is more consistent with an unusually faint and extended exponential spiral bulge, or perhaps a / r ?3:5 spheroid similar to that in our Galaxy (Sackett et al. 1994) , than with a massive { 4 { halo. 3;4 In deep CCD data there is evidence of an extended, red, approximately spherically symmetric component (de Grijs & Peletier 1997a) . Moreover, there is some confusion in the literature concerning ESO 240-G11's morphological type. The ESO/Uppsala catalog (Lauberts 1982) classi es this galaxy as Sc, whereas the NASA Extragalactic Database (NED) lists it as Sb. However, morphological classi cation is dependent upon the depth and color of the image used.
It is also possible to model the halo's luminosity pro le using a component tracing the massive halo. However, one must allow a 6 error in determining the global sky level to achieve nearly as good a chi-square as was achieved using either an exponential halo or a / r ?3:5 halo having no sky level error.
Observations
The observations were made in June 1996 using a 60 cm infrared optimized telescope at the South Pole. Table 1 summarizes the observations. With a total K dark background of about 17 mag arcsec ?2 at zenith, the South Pole o ers compelling advantages for deep infrared imaging of extended objects (Nguyen et al. 1996; Ashley et al. 1996) . 5
Telescope
The 60 cm telescope uses a 3-mirror bent Cassegrain design that forms an f/10 beam at the focal plane. Speci c infrared adaptations include using silver coated mirrors throughout and undersizing the secondary. The telescope was designed to achieve less than 5% total emissivity. Engineering measurements indicate that this goal has been met. Decomposing the near infrared background into instrumental and atmospheric 3 The Hubble constant H 0 =69 h 69 km s ?1 mpc ?1 . See Shanks (1997) for a recent discussion of the value of the Hubble constant. 4 There is a growing body of evidence that spiral bulges are generally well tted by an exponential at near infrared wavelengths (Rauscher 1995; de Jong 1996a) . 5 For comparison, Wainscoat and Cowie (1992) measured a total K 0 band background of 14 mag arcsec ?2 at zenith on a T=0 C Mauna Kea night. components indicates that the telescope typically represents less than 10% of the K dark background. 6 The telescope has an altitude-azimuth mount. At the South Pole, this becomes an equatorial mount, and no instrument rotator is required. The telescope is being modi ed to incorporate a tip-tilt secondary. When these observations were made, nodding to o -source positions was accomplished by moving the telescope. The o -source positions were more than 6 arcmin away from the on-source positions, and a di erent position was chosen every time. There is no dome. Instead, there is a \baby-buggy cover" style tent which can be pulled over the telescope when it is not in use. When it is being used, the telescope sits exposed at rooftop level on an open tower upwind of the Pomerantz Lab. As such, there is no dome and consequently little risk of near eld obscuration. The Pomerantz Lab is situated more than 1 km away from the main dome in the \Dark Sector." This portion of the South Pole station is speci cally kept dark for astronomy. More detail about the telescope and data system can be found in Rauscher et al. (1995) and references therein.
Data Acquisition
Apart from the 600 s long integration times needed to become background limited with the dark skies, the observing strategy was similar to that used at warm sites. Detector bias and dark current were measured using 600 s long dark exposures taken before and after the observing session. The data were calibrated using a K band Elias standard at the same airmass as ESO 240-G11 (Elias et al. 1982 ). The observations consisted of interleaved on-source (object) and o -source (sky) exposures.
To facilitate accurate sky subtraction, slightly over 1/2 of the observing time was dedicated to sky exposures. Because of the long 600 s exposure time, the background was sampled less frequently than is the case at a temperate observatory. At the South Pole however, the background generally varies in a smooth and continuous way, and less frequent background sampling is tolerable. This is discussed in more detail in section 2.4.
The sky exposures were taken more than 6 arcmin away from the galaxy to the south, east, and west. In any one direction, individual sky exposures were dithered by about 1 arcmin with respect to one another. There is a bright star to the north of the galaxy that prevented o -source exposures in that direction. In { 6 { order to ll in bad pixels, the object exposures were dithered by about 1 arcmin with respect to one another.
Data Reduction
Data reduction consisted of dark subtraction, at elding, sky subtraction, and co-adding the dithered on-source exposures. Although various authors di er on the details, these steps are now well established in the near infrared literature (see for example Rauscher 1995) .
Dark exposures having the same exposure time as the object and sky exposures were taken at the beginning and end of the working \night". 7 Because systematic di erences over the 12 hr period were nearly undetectable and negligible compared to sky subtraction errors, exposures from the beginning of the \night" and end of the \night" were averaged to form a mean dark exposure.
After dark subtraction, individual sky exposures were examined using IRAF's imedit task. In most cases, a few point sources were apparent and these were interpolated over using imedit. Following point source removal, a at eld was constructed by median ltering together all of the sky exposures. Prior to being combined, the individual sky exposures were scaled to the same median value. Errors in at elding will be discussed in the context of sky noise in section 2.4. During these observations, K dark transparency was inversely related to the background level. To account for these variations, the at elded images were scaled so that the nucleus had the same intensity in all images. When the background was falling to it's lowest value =17.5 mag arcsec ?2 near t=2 hr in gure 2, a scale factor of 1.7 was needed for one image (there were 20 object images in all). Three neighboring images required scale factors of approximately 1.5. For the remainder of the observations, the scale factor changed by a few percent from exposure to exposure, and on long timescales the standard deviation in the scale factors was 4%.
To assess the importance of these scale factor changes, the data were reduced both with scaling turned on and with scaling turned o . The halo light was detected with comparable t parameters in both cases. However, the pixel-to-pixel noise was slightly lower when scaling was used. As a further check, the data set was broken in half and each half was reduced separately with no scaling. In both cases, halo light was detected.
{ 7 { Before stacking the data, it was necessary to add or subtract a small constant (< :2% of sky) to each image to minimize edges in the mosaic. To permit sub-pixel o sets when stacking, each image was block replicated 5 5. The block replicated images were shifted in the ( , ) plane by o sets measured using IRAF's phot task and averaged using IRAF's imcombine task. To account for scattered light, a clean point spread function (PSF) extending 4 arcmin from the galaxy was deconvolved from the mosaic (see section 2.5). Finally, to aid subsequent analysis, the image was rotated so that the major and minor axis would align with the x and y coordinates. Figure 1 shows the resulting mosaic. The signal-to-noise ratio SNR=1 noise oor is 24 mag arcsec ?2 per pixel. Faint stars provide a useful check on this noise oor. In gure 1, star A is a K dark =19.2 magnitude star detected with SNR=4.4 and star B is a K dark =19.2 magnitude star detected with SNR=6.5. With our 4.2 4.2 arcsec 2 pixels, we expect to detect a K dark =19 magnitude star with SNR 6. Star A's low SNR results from background structure in the annulus used to measure the sky value. By averaging over many pixels, it is possible to go deeper and the surface photometric SNR=1 noise oor is 25 mag arcsec ?2 . In practice, surface photometry is limited by systematic errors. The most important of these is the uncertainty in the global sky level. This is discussed in section 2.6.
On large angular scales, sky noise dominates at elding errors. This is very di erent to the situation with CCD data. With most CCD data, the large scale errors are dominated by at elding. Unlike sky noise which is random, at elding errors are systematic. They are of particular concern in CCD observations because each exposure is often divided by the same at. As a result, they can directly modulate the sky intensity to introduce large scale structure. Our relative insensitivity to at elding errors results from the object-sky near infrared observation procedure. At each point in the image, both the object and sky have been sampled by the same portion of the array with very nearly constant gain. Flat elding errors therefore appear as a second order modulation of the random sky subtraction residuals.
Background Modeling
Because sky subtraction dominates the errors, sky intensity was modeled as a function of time. Sky subtraction errors in the nal mosaic are :1% of sky. The model consisted of a data cube containing smoothed sky images. The dimensions were time and the (x, y) pixel coordinates. Model sky images for each object exposure were built using a cubic spline to interpolate between values in the data cube. The model improves on linear sky interpolation in that the sky images are smoothed and a cubic spline is used
The largest gains come from smoothing the sky. This removes high angular frequency (pixel-to-pixel) photon noise. After point source removal, the power spectrum of at elded sky peaks very strongly on spatial scales larger than 67 arcsec. This peak, which contains 3/4 of the noise power, is the sky noise. The remaining noise consists of photon counting and read noise. Consistent with expectation from the reduced photon noise, we have found that by using this method we can go about 0.4 mag arcsec ?2 deeper than would otherwise be the case.
After point source removal, the sky images were median smoothed using an 34 34 arcsec 2 window before being placed in the data cube. Median smoothing acts as a low-pass angular frequency lter. In accordance with the sampling theorem, and because the sky noise exists predominantly on angular scales larger than 67 arcsec, resolution on the sky noise is maintained. Moreover, because of the limited extent of the median window, it is not possible for median smoothing to introduce correlated structure on the large angular scales in the halo (the angular extent of the halo light is 5 the size of the median window).
For most of the observations, the background at any pixel was a smooth and continuous function of time (see gure 2). Under these conditions, spline tting is superior to linear interpolation. It is a higher order t that incorporates continuous variation. Even when the sky changed rapidly between exposures, it is evident from gure 2 that the spline was well behaved and remained close to a time weighted average of neighboring sky images.
In an earlier stage of the analysis, the data were reduced without background modeling and linear interpolation between neighboring skies was used instead. The extent of the halo light, and resulting t parameters, were within the errors of those measured using background modeling. However, the larger error bars did not di erentiate as cleanly amongst halo models.
Scattered Light
Scattered light can steepen the surface brightness pro les in the faint halo region. For this reason, a point spread function extending more than 4 arcmin from ESO 240-G11's nucleus was deconvolved using the Space Telescope Science Data Analysis System's (STSDAS) -clean procedure. The PSF's wings were constructed by tting elliptical isophotes to saturated stellar images. The core was copied from an unsaturated stellar image that had been appropriately scaled. Although the PSF did not include di raction { 9 { spikes, their e ects are unlikely to be important over the angular scales discussed in this paper. Others have found this to be the case in NGC 5907 as well (e.g., Sackett et al. 1994; Rudy et al. 1997 ).
Some limits on the e ects of di raction spikes are provided by the di racted structure surrounding a K dark =12 magnitude star in the (larger) mosaic from which gure 1 was extracted. The star has a peak pixel intensity roughly equal to that of the galaxy midplane in the nuclear region. After deleting point sources, the di raction spikes were co-added. There was no detectable ux beyond a radius of 13 arcsec. One would therefore expect the di racted light's contribution over the much larger angular scales covered by these observations to be negligible.
Determining the Sky Level
Errors in sky level can alter the shape of the isophotes in the halo. In order to assess the importance of this e ect, the sky level was allowed to vary when tting / r ?2 and / r ?3:5 halo radial surface brightness pro les. Moreover, two di erent approaches were used to measure the sky level. These methods agreed with one another to within the uncertainties.
Firstly, the sky level was measured in thirteen 20 arcsec diameter patches 3 arcmin or more away from the galaxy. The patches were visibly free from point sources. The standard deviation sky = 3:2 ADU of these patches yields our SNR=1 noise oor of 24 mag arcsec ?2 per pixel. To a good approximation, the noise oor is independent of the number of patches sampled and their location on the mosaic.
The standard deviation of the sky patches, sky , represents a worst-case estimate of the uncertainty in the sky level. If the errors from sky patch to sky patch were random, one would expect the error in the mean to diminish as 1= p n, where n is the number of independent sky patches sampled. Unfortunately, here we are confronted by small number statistics and potential systematic errors. Therefore, we adopted an empirical approach to estimating the uncertainty in the sky level. We repeated the sky patch measurement ve times. The resulting standard deviation in the mean, <sky> = 1:6 ADU was intermediate between sky and sky= p n and was adopted as the uncertainty in the sky level. Figure 4 demonstrates that the error model, which includes <sky> = 1:6 ADU, is reasonable if perhaps a little conservative. One would expect 2=3 of the SNR<1 points to fall within 1 of 0 ADU. In gure 4, all of them do so.
{ 10 { As a further check on the sky patch method, we also measured the sky level by taking the median of point source free pixels in a narrow strip along the borders of the mosaic. The result agreed with the patch measurements to within <sky> .
Discussion
The Sc type edge-on spiral galaxy ESO 240-G11 is dynamically, environmentally, and morphologically similar to NGC 5907. Both galaxies are giant, rapidly rotating edge-on systems. With an H asymptotic rotation speed of 235 km s ?1 (Persic & Salucci 1995 8 ), ESO 240-G11 is slightly more massive than NGC 5907 (V rot =210 km s ?1 ; Barnaby & Thronson 1994) . The rotation curves of both galaxies are shown in gure 5.
Cuts through ESO 240-G11's disk are shown in gure 4. Following Morrison, Boroson, and Harding (1994) and de Grijs and Peletier (1997b) , the data have been folded about the major axis to improve SNR. Away from the nucleus, in cuts A and E, the light is well modeled by a sech(z) disk. Spiral disks are generally well modeled by a sech(z) function (de Grijs & Peletier 1997b) , except in the midplane where dust extinction causes the sech(z) to over estimate the intensity.
If ESO 240-G11's halo were identical to NGC 5907's, one would expect to see emission above the sech(z) ts in all of these cuts. The centerlines of cuts A and E are 12.4 h ?1 69 kpc from the nucleus. Based on gure 6 in Morrison, Boroson, and Harding (1994) , departures from the sech(z) model should begin at about 22 mag arcsec ?2 in the K dark image. A signal at 22 mag arcsec ?2 would be detectable with SNR 6 in these data. Table 3 summarizes the disk parameters. Over the region modeled, the scale height is a roughly constant h z :69 h ?1 69 kpc. The scale height increases slightly to h z :8 h ?1 69 kpc outside the region modeled here. This behavior is consistent with expectation for a late type spiral (de Grijs & Peletier 1997b) .
In cuts B, C, and D, departures from the sech(z) disk model are evident. Chi-square tting con rms this with very low chi-square probability along cuts B, C, and D. However, there is insu cient SNR to di erentiate between halo models. Two dimensional tting must be used to obtain su cient SNR to model the halo light far from the disk where the discriminating power is greatest. This is described in section 3.1.
{ 11 { In cut C, departures from the sech(z) disk become evident at 23 mag arcsec ?2 . Assuming R ? K dark 2, appropriate to a normal disk stellar population, this is comparable to the onset of departures from a simple disk in NGC 5907's central region ( gure 6 in . The presence of halo emission, at a level comparable to that seen in NGC 5907 in cuts B, C, and D; coupled with the lack of emission in cuts A and E, argues that ESO 240-G11's halo is less attened than NGC 5907's.
When the disk is decomposed from the halo, ESO 240-G11's isophotal structure to a K dark limiting surface brightness of 24 mag arcsec ?2 in the disk and 25 mag arcsec ?2 in the halo is well modeled by a sech(z) disk plus a halo having either: (1) an exponential radial surface brightness pro le implying a faint and extended spiral bulge or (2) a / r ?3:5 mass density pro le similar to that of our Galaxy. Although it is possible to t the halo isophotes with / r ?2 models, doing so requires larger errors in determining the global sky level than appear likely. This is discussed in more detail in section 3.2.
Halo/Disk Decomposition
To improve the SNR for halo modeling, a sech(z) disk was decomposed from the image and circular isophotes were tted to the remaining light using the STSDAS task ellipse. NGC 5907's halo is thought to have an axial ratio of about 0.5 (Sackett et al. 1994 ). If ESO 240-G11's halo were similarly attened, circular isophotes would not adequately represent the data. To assess the probability that ESO 240-G11 might have a highly attened halo, ellipticity was allowed to oat as a free parameter. The resulting axial ratio was :8 :2. However, the error bars which where were already large enough to encompass an axial ratio equal to 1, grew rapidly with semi-major axis and the axial ratio had to be xed to achieve convergence at r 10 h ?1 69 kpc. Moreover, as was described in section 3, analysis of vertical cuts suggested that ESO 240-G11's halo was signi cantly less attened than NGC 5907's. For these reasons, the axial ratio was xed at one to improve convergence in isophote tting.
Could using circular isophotes turn a / r ?2 luminosity pro le into an exponential halo? To assess whether this was likely, we built a model halo using the / r ?2 t parameters (c 1 = 232:5, c 2 = 0) having an axial ratio b=a = :75. The attened halo produced su cient light far from the nucleus that it probably would have been detected in cuts A and E. Moreover, even when circular isophotes were tted to the light pro le, the best tting analytic function was still that appropriate to a / r ?2 halo with rms = :004 as opposed to rms = :09 for an exponential.
Halo/disk decomposition was an iterative process consisting of three steps. (1) A sech(z) disk was tted { 12 { to 4.2 arcsec wide cuts through the disk. (2) The model sech(z) disk was subtracted from the raw image and the STSDAS task ellipse was used to t circular isophotes to the remaining light centered on the nucleus. The region over which circular isophotes were tted is shown if gure 1. At each iteration, the resulting radial surface brightness pro le was best tted by a single exponential function. (3) An exponential model of the halo light was subtracted from the raw image and a sech(z) disk was re-tted thus returning to step 1.
Some checks on the procedure are provided by the resulting sech(z) parameters. In particular: the sech(z) scale height was always nearly constant over the portion of the disk sampled, and the central intensity showed an exponential fall-o with galactocentric distance roughly comparable to that seen in NGC 5907 . As expected for a late type spiral such as ESO 240-G11 (de Grijs & Peletier 1997b), there is very little aring until high galactocentric distances are reached (see table 3 ).
Fitting the sech(z) disk
In the disk model, on-midplane pixels were agged to improve convergence away from the midplane. Following Morrison, Boroson, and Harding (1994) , dust features were detected using unsharp masking. In this technique, a heavily smoothed version of an image is subtracted from itself revealing structure which changes rapidly on small angular scales. Because K dark band is relatively insensitive to dust, an appropriately scaled deep B band CCD image was used (de Grijs & Peletier 1997a). Because of our large 4.2 4.2 arcsec 2 pixel footprint, point sources and background galaxies were detected using both the K dark image and a deep I band CCD image (de Grijs & Peletier 1997b). In those cases in which a source was detected in the I image, but not in the K dark image, an area corresponding the the smallest detectable point sources in the K dark image was agged. All such agged pixels were deleted from subsequent analysis. The bottom pane of gure 1 shows ESO 240-G11 after dust features, point sources, and background galaxies had been masked.
The disk was then tted by taking 4.2 arcsec wide cuts along the major axis. Following Morrison, Boroson, and Harding (1994) and de Grijs and Peletier (1997b) , the data were folded vertically about the major axis, but not about the minor axis. The STSDAS task n t1d was used to t the function I(z) = c 1 sech (z=c 2 ) along every slice. On the rst iteration, and once convergence had been reached, the sech(z) tting was done interactively to ensure that the ts were a reasonable representation of the disk { 13 { light.
Fitting the halo light
After subtracting the sech(z) disk model from the raw mosaic, circular halo isophotes were tted using STSDAS's ellipse task. Ellipse incorporates an interactive pixel masking facility. This was used to reject the same pixels ( agged as dust lanes, point sources, background galaxies, etc.) as were rejected in sech(z) disk tting. Our reasons for using circular isophotes are described in sections 3.1.
The intensity was set to the mean value of all non-rejected pixels in a tted annulus. To improve SNR by averaging over more pixels at high radius, the step size was non-uniform. For example, if ellipse has just tted all pixels in an annulus having radius r i , the next annulus will have r i+1 = 1:2r i . Ellipse sets the width of an annulus from halfway between the present and previous ellipses to halfway between the present and next ellipses. In this way, all of the information in the halo region was used. More information about the ellipse task can be found in the STSDAS on-line documentation.
The resulting spherically symmetric halo luminosity pro les were tted with a single exponential I(r) = c 1 exp ?r=c 2 . At each iteration, the single exponential had the lowest chi-square and the highest chi-square probability.
Re tting the sech(z) disk
The best tting single exponential was subtracted from the raw image. The model was not subtracted outside the circle shown in gure 1. This halo-subtracted image was the starting point for the next iteration.
In practice, three iterations were needed before the halo parameters converged to stable values. Our measure of convergence was that the change from one iteration to the next was much smaller than the error estimates provided by n t1d. N t1d estimates the errors in a t by a bootstrap-resampling. In this technique, the tted coe cients and error bars are used to generate N data sets (N=6 here) which are then re tted. The spread in the tted values provides and estimate of the errors. { 14 {
Origin of halo light
The halo radial surface brightness pro le is shown in gure 3. The error bars are equal to the rms in the tted annulus divided by the square root of the number of sectors used to t the annulus. In area integration modes, ellipse divides each annulus into angular sectors having approximately equal area. For circular isophotes such as these, each sector subtends the same angle. The innermost point in gure 3 had 49 sectors. More detail about the ellipse task's error estimates is available in Rauscher (1995b) .
This procedure assumes that the errors are random. Over these large angular scales, this is reasonable for sky subtraction and photon noise. As was discussed in section 2.4, for these data at elding errors are second order compared to sky subtraction residuals. Global sky level error <sky> =1.6 ADU, in contrast, is systematic and is not included in these bars. To assess the importance of global sky level errors, sky level was allowed to vary when tting / r ?2 and / r ?3:5 halo pro les. No sky level error was needed to achieve a very good t with an exponential halo.
STSDAS's n t1d task was used to t analytic functions to the luminosity pro le. The functional forms tried and the resulting t parameters are summarized in table 4. In addition to tting a single exponential function 
In equation 2, r e is the e ective radius enclosing half the light and e is the surface brightness ( e in mag) at this radius. The best t was obtained using equation 1. A spheroid similar to that observed in Milky Way globular clusters (Sackett et al. 1994 ), equation 4 was very nearly as good. When the power law index was allowed to oat, I(r) = c 1 r ?c2 ;
c 1 was ill-constrained with a larger error than its value.
{ 15 { In order to quantify these conclusions, the chi-square probability, Q, was calculated for each model (Press et al. 1992) . Q is the probability that chi-square might exceed the measured value by chance for normally distributed errors. Values of Q near one indicate a good t and values near zero indicate a poor t. With Q=1.00 and all points tted to within the error bars, a single exponential was the best tting function. A / r ?3:5 model having a small global sky level error (.05% of sky) was nearly as good with Q also equal to 1.00, but signi cantly higher 2 and some points falling more than 1 from the model. In contrast, the / r ?2 models yielded a signi cantly lower Q=.14 with no global sky level error and Q=.31 allowing a 1 global sky level error. Only by allowing nearly 6 of global sky level error could Q=.97 be obtained. However, 2 = :56 was still signi cantly greater than 2 = :002 obtained with the single exponential.
Although a single exponential produced the best t, the tted parameters, e = 22:08 ?:4 +:8 mag arcsec ?2 and r e = 5:65 :8 h ?1 69 kpc are unusually faint and extended for a spiral bulge. In K, spiral bulges typically have e 16 ? 22 mag arcsec ?2 and r e .1{1 kpc (de Jong 1996b). If we allow for systematic errors, <sky> =1.6 ADU and re t, the error bars go up and the tted parameters e = 22:08 ?1:6 +1 mag arcsec ?2 and r e = 5:6 +3 ?2 h ?1 69 kpc fall closer to the range occupied by normal spirals. Since ESO 240-G11 and NGC 5907 are so similar, one would expect their halos to be similar as well. The apparent lack of halo emission in ESO 240-G11 that cannot reasonably be attributed to components having faster mass density fall-o than / r ?2 suggests that although the halo emission seen in NGC 5907 may trace the massive halo, it is not necessarily intrinsic to the massive halo. For example, environmental factors may be at work adding an element of individuality to each galaxy's luminous halo.
Conclusion
In an extremely deep South Pole K dark image of the edge-on spiral galaxy ESO 240-G11, we see evidence of halo emission extending to between 10 h ?1 69 kpc and 15 h ?1 69 kpc from the disk in vertical cuts taken near the nucleus.
When the halo light is decomposed from the disk and spherically symmetric models are constructed, we see no rm evidence that this halo light traces the / r ?2 mass density pro le implied by ESO 240-G11's at rotation curve. To a limiting surface brightness of 25 mag arcsec ?2 these halo data are well tted by a spherically symmetric halo having an exponential radial surface brightness pro le. This suggests an unusually faint and extended spiral bulge. A spheroid with a / r ?3:5 mass density pro le represents { 16 { nearly as good a t to the halo data. To a limiting surface brightness of 24 mag arcsec ?2 the disk is well represented by a single sech(z) function having approximately constant scale height h z =.69 h ?1 69 kpc over the region modeled.
ESO 240-G11 is broadly similar to NGC 5907. In NGC 5907 several authors have detected red and near infrared halo emission, at comparable imaging depths, with shallower fall-o . The steeper luminosity fall-o in ESO 240-G11 suggests that the shallow fall-o seen in NGC 5907 may not be an archetypical feature of spiral galaxies, or that the intensity pro le of halo light may depend on evolution subsequent to halo deposition.
We have taken great pains to avoid systematic errors and the basic conclusions: (1) ESO 240-G11 has a luminous halo and (2) the halo light can be tted within the errors by known components having faster fall-o than / r ?2 , have proven robust against variations in the data reduction and analysis technique.
Nevertheless, working to these faint limits places severe demands on every step of the data acquisition and reduction process. Therefore, these results require con rmation. To this end, new K dark data are being taken at the South Pole. Based on Morrison, Boroson, and Harding's (1994) and Sackett et al.'s (1994) work, con rmation could potentially be obtained in R band using a CCD on a .9 m telescope.
This work, and work by others on NGC 5907, highlites the need for deep imaging of more edge-on spirals to assess the frequency with which halo emission is seen when modern CCD and IR array detectors are used. This will allow us to better understand the range of observational parameters spanned by halo emission, and the most likely physical mechanisms. For, only by discussing halo emission in the context of more than a handful of galaxies will we be in a position to make rm statements with cosmological signi cance. b The uncertainties include only random errors as estimated by n t1d using bootstrap-resampling. Systematic errors are treated in the text. Fig. 1 .| This K dark image of ESO 240-G11 reaches a SNR=1 limiting surface brightness of 24 mag arcsec ?2 per pixel. Faint stars in the image con rm the noise oor. Stars A and B are K dark =19 mag stars detected with SNR=4.4 and 6.5 respectively. With our 4.2 4.2 arcsec 2 pixel footprint, one would expect to detect these stars with SNR 5. Star A's slightly lower SNR results from background structure in the annulus used to estimate that star's sky level. The bottom pane shows the same image after masking point sources and dust lanes. Because of our large pixel footprint, point sources were detected using these data and a higher angular resolution I band CCD image (de Grijs & Peletier 1997a). For those cases in which a source was detected on the CCD image, but not in the K dark image, an area equal to that of the faintest detectable sources on the K dark image was masked. In a prior stage of the analysis, only the K dark image was used for point source masking. The conclusions drawn from the image masked using both I and K dark bands do not di er substantially from those using only the K dark image. Following Morrison, Boroson, and Harding (1994) , unsharp masking was used to identify and mask dust features. Because K dark band is relatively insensitive to dust, an appropriately scaled B band CCD image was used for unsharp masking (de Grijs & Peletier 1997a) . Five 34 arcsec wide cuts were then made through the disk. The centerlines of these cuts are labeled A, B, C, D, and E. The raw cut data are shown in gure 4. The region over which the halo light was modeled is shown by the 90 arcsec (=16.6 h ?1 69 kpc) radius circle. Fig. 2 .| The average brightness of 4 pixels, o set from the array-center by 2.2 arcmin toward each of the 4 corners, plotted against time. The average brightness 3.9 ADU s ?1 pix ?1 =17.0 mag arcsec ?2 . The data were modeled using a cubic spline to interpolate between data points. The background variation is generally well sampled by the sky exposures. On the one occasion when the background changed rapidly near t=6 hr, the cubic spline di ered only marginally from linear interpolation between neighboring sky exposures. The behavior for individual pixels does not di er substantially from what is shown here for the average of 4 pixels. Fig. 3 .| Halo models overlaid on the spherically symmetric halo radial surface brightness pro le. The errorbars include only random errors (e.g., sky subtraction, photon noise). Systematic errors were treated by varying the global sky level during tting. Models included: (i, solid) a single exponential I(r) = c 1 exp ?r=c 2 , (ii, long dash) a (r) = c 1 r ?3:5 spheroid, (iii, mediam dash) a (r) = c 1 r ?2 +c 2 massive halo with 1 sky level error, and (iv, dots) a (r) = c 1 r ?2 massive halo. The 1 sky level error was tried in model iii because errors in the sky level can alter the shape of the faint halo light. Of the models tried, The single exponential had the lowest chi-square and the highest chi-square probability (see table 4). By these measures, it was marginally better than the / r ?3:5 spheroid model, and signi cantly better than { 24 { either / r ?2 massive halo model. The massive halo models yield comparably good chi-square only when improbably large ( 6 ) changes in the sky level are allowed. Fig. 4 .| K dark surface brightness as a function of height above the galactic plane. Cuts A, B, C, D, and E are identi ed in gure 1. The top panels, in linear instrumental units, demonstrate that the noise model reasonably characterizes the uncertainties. The 1 error bars include both systematic and random errors. Systematic errors include uncertainty in the sky level and at elding. The random errors in include sky subtraction residuals and photon noise. The data are overlaid with three models: (i, solid) sech(z) disk, (ii, long dash) sech(z) disk plus / r ?2 halo and (iii, dots) sech(z) disk plus exponential halo. Chi-square analysis reveals that cuts A and E are well tted by the sech(z) disk. In cuts B, C, and D departures from the disk model become apparent. However, there is little reason to prefer one halo t over another. The discriminating power lies in cuts A and E. Along these cuts, the exponential halo is a signi cantly better t than a / r ?2 halo. If one subtracts the disk, as is described in the text, it is possible to t elliptical isophotes to the halo light. This improves the SNR in the halo against random noise sources by averaging over a larger area of the array and provides greater discriminating power between the halo models. 
